The purpose of this study was to compare mRNA levels of the cytotoxic lymphocyte (CL) gene products: granzyme B (GB), perforin (P), and fas ligand (FasL) in patients with long-term type 1 diabetes and healthy controls. The objective was to utilize this information to follow patients as they undergo islet cell transplantation at our center and to determine if changes in CL gene transcript levels correlate with graft status. We have measured mRNA levels for CL genes in peripheral blood samples from 65 long-term (>5 years) type 1 diabetes patients and 29 healthy controls. Total RNA was extracted from EDTA anticoagulated peripheral blood samples and reverse transcribed into first-strand cDNA using SuperScript II reverse Transcriptase. Quantitative, real-time PCR was utilized to determine CL gene transcript levels. mRNA levels of P and FasL genes were found to be significantly lower for patients with type 1 diabetes compared to normal controls (p < 0.05). However, there was no significant difference for GB mRNA levels between patients and controls (p > 0.05). The decreased expression of P and FasL in patients with long-term type 1 diabetes might contribute to the inability to maintain normal levels of peripheral tolerance, which is essential for protection from autoimmune disease. 403 404 HAN ET AL.
INTRODUCTION
planted tissue and peripheral blood is intimately associated with acute renal allograft rejection in humans, particularly when two of the three genes are simultaneously The cytotoxic lymphocyte (CL) gene products granzyme B (GB), perforin (P), and fas ligand (FasL) have upregulated (7, 34, 43, 47) . Recently, we reported that the elevation of CL gene expression in peripheral blood (PB) been implicated as critical participants in initiating insulin-dependent type 1 diabetes (22, 23, 25, 48) . The devel-preceded rejection by 83-197 days, with 2-2.5 months of elevated CL mRNA levels, in four islet allotrans-opment of type 1 diabetes results from T-cell-dependent autoimmune destruction of insulin-producing β-cells in planted rhesus monkeys that were taken off immune intervention (14) . In addition, we found that elevation of the pancreatic islets of Langerhans (2, 4, 46) . It is believed that cytotoxic lymphocytes induce target cell death CL gene mRNA levels was 25-203 days prior to onset of frequent hyperglycemia in eight islet cell transplanted through two major cytotoxic pathways: the exocytosis of granules by the T cell containing granzyme and perforin patients, who were treated with steroid-free immunosuppression and experienced deterioration in glycemic con-molecules (calcium-dependent cytotoxicity) (16, 30, 35) , and the ligation of FasL on T cells with the apoptosis-trol (13). Perforin, stored and secreted from the granules of cy-inducing Fas molecule on target cells (calcium-independent contact-dependent cytotoxicity) (27, 33) . totoxic effector cells, is a pore-forming protein. It can polymerize in the presence of calcium and may form CL genes are also reported to be actively involved in the process of acute rejection of a transplant (14, 34, 43) .
channel-like structures in target cell membranes, through which the granzymes may pass to the cytosol of the tar-Activation of transcription of the CL genes in trans-get cell (24, 29, 36) . GB, another constituent of the cyto-(PB) samples were collected for the assessment of CL gene mRNA levels. toxic T-cell granules, is a serine peptidase of the chymotrypsin family. After entering the target cell through the RNA Isolation and Reverse Transcription perforin channel, GB activates nucleases and caspases, leading to cell death (8, 23, 38) . FasL, a type II trans-Total RNA was purified from PB using the RNA Now-LW kit (Biogentex). First-strand cDNA synthesis membrane protein, belongs to the tumor necrosis factor (TNF) cytokine superfamily (45) . It is expressed on cy-was performed in a 21 µl reaction volume containing 500 ng of total RNA, 25 ng/µl oligo dT, 0.5 mM of each totoxic T lymphocytes and binds with the Fas receptor on target cells, inducing a distinct pathway leading to dNTP, 2.5 mM MgCl 2 , 10 mM DTT, and 200 units of SuperScript II Rnase H − Reverse Transcriptase (GIBCO target cell apoptosis or programmed cell death (5, 26, 44, 45) . BRL), as previously described (14) .
Defective expression of the apoptosis-inducing CD95
Real-Time LightCycler PCR Analysis receptor Fas molecule on T and B lymphocytes was reported in patients with both newly diagnosed and long-PCR Primers. PCR primers were designed from the term type 1 diabetes (11). Patients with type 1 diabetes available gene sequences of human GB, P, and FasL alone or with other autoimmune diseases were found to from gene bank (NCBI Entrez, accession number: A26437 have defective Fas function (6) . Defective Fas/FasL for GB, X13224 for perforin, and U08137 for FasL). GB function was also reported in the human autoimmune sense and antisense primers were designed from exon 2 lymphoproliferative syndrome (ALPS) (9,32). Fas defiand exon 4 of the available GB gene sequence, respecciency causes a spontaneous and chronic autoimmune tively; perforin and FasL primers were designed from immunoproliferative disorder in ALPS. Defective perrespective mRNA sequences. GB: sense 5′-GGGATCA forin was identified as a genetic basis for familial hemo-GAAGTCTCTGAAGAG-3′, antisense 5′-CTTTCGAT phagocytic lymphohistiocytosis (FHL), a lethal inherited CTTCCTGCACTGTC-3′; P: sense 5′-CGGCTCACAC human disorder of immune dysregulation (41) . How-TCACAGG-3′, antisense 5′-CTGCCGTGGATGCCTATGever, no studies have been reported for CL gene expres-3′; FasL: sense 5′-GCCTGTGTCTCCTTGTGA-3′, antision levels in patients with type 1 diabetes. The purpose sense 5′-GCCACCCTTCTTATACTT-3′. β-Actin primer of this study was to compare mRNA levels of the CL sequences were obtained from Kirk et al. (21) (sense 5′genes GB, P, and FasL in patients with long-term type ATGTTTGAGACCTTCAACAC-3′, antisense 5′-CAC 1 diabetes and healthy controls.
GTCACACTTCATGATGG-3′).
Amplification. The amplification and detection were MATERIALS AND METHODS
carried out in a real-time LightCycler PCR system Reagents (Roche). Amplification of each sample was performed RNA purification reagent RNA Now-LW was purin a PCR reaction containing 2 µl LightCycler DNA chased from Biogentex (Seabrook, TX). First-strand Master SYBR Green I, 0.5 µM of each primer, 3 mM cDNA synthesis kit SuperScript preamplification system MgCl 2 , 0.056 µM TaqStart antibody, and 2 µl sample was purchased from GIBCO BRL (Grand Island, NY). (14) . Amplification was performed for 45 cycles with Oligonucleotides for PCR were synthesized by Keystone the following cycle parameters: denaturation (95°C, 1 Laboratory, Inc. (Menlo Park, CA). LightCycler DNA s), annealing (62°C, 10 s), and extension (72°C, 15 s). Master SYBR Green I was purchased from Roche (Indi-Ramp rate was 20°C/s. Fluorescence was acquired at the anapolis, IN). TaqStart antibody was purchased from end of each annealing phase, with the acquiring temper-Clontech (Palo Alto, CA). All other chemicals were of ature set at 88°C for GB, 88°C for P, and 84°C for FasL. the purest grade available and were obtained from com-Melting Curves. Melting curves were obtained at the mercial sources. end of amplification by cooling the sample to 60°C, at a rate of 20°C/s, and then increasing the temperature to Subjects 95°C at a rate of 0.2°C/s. Fluorescence was acquired A total of 65 patients with long-term (>5 years) type every 0.1°C. The conversion of the melting curves into 1 diabetes and 29 healthy controls were included in the melting peaks (plot of the negative derivative of fluoresstudy. These patients were undergoing screening for encence vs. temperature) enabled identification of each rollment in clinical islet transplant trials at the Universpecific gene. sity of Miami. Control blood samples were obtained from healthy volunteers at University of Miami and at Quantification. Respective CL gene DNA fragments, with serial dilutions from copy number 10 7 to 10 2 , with Beckman-Coulter Inc. (Miami, FL). In order to compare the CL gene transcript expression between patients and 10-fold intervals, were used as standards to construct the standard curve in each of the LightCycler PCR amplifi-healthy controls, EDTA-anticoagulated peripheral blood cation to quantify mRNA copy number for specific CL were 0.0099 ± 0.0035 (n = 65) and 0.0536 ± 0.0193 (n = 29) in controls. Statistically, the lower mRNA levels for genes in each sample. A reaction mixture without the template and a reaction mixture without SuperScript II perforin and FasL genes for patients with type 1 diabetes compared to normal controls were significant at p < Reverse Transcriptase were used as negative controls. Background fluorescence was removed by setting a 0.05. The mRNA level for GB was 34.8 ± 10.21 (n = 65) in patients and 30.53 ± 14.26 (n = 29) in controls. noise band. The standard curve was constructed by plotting the log of copy number versus the crossing points.
Statistically, there was no significant difference for GB mRNA levels between patients and controls ( p > 0.05). β-Actin amplification was used to control for PCR conditions and for variation in cDNA quantity among sam-Reproducibility of the Assay ples. All results were expressed as the ratio of the copy number of the target gene to the copy number of β-actin.
To evaluate the reproducibility of the assay, two different samples were divided into several aliquots each Statistical Analysis and individually measured for mRNA levels of the three Data are presented as the mean ± SEM. Statistical CL genes. The results of the assays are shown in Table  analyses regarding the differences between patients and 2. The SEM and covariance (CV) were relatively low, controls for each CL gene in PB were carried out by indicating that the assay is reproducible. repeated measure ANOVA (analysis of variance) with DISCUSSION α = 0.05. GB, P, and FasL gene expression levels have been RESULTS detected in the peripheral blood of patients with type 1 Amplification and Quantification diabetes and healthy individuals. The mRNA levels for of Human GB, P, and FasL Genes the three CL genes varied dramatically among individuals, ranging from virtually none to several hundred. The Melting curve analysis was carried out to identify the marked differences in levels are probably related to inspecific PCR product and to determine the proper temterindividual variation in numbers of natural killer cells perature for the acquisition of fluorescent data for each and cytotoxic T cells, as well as to occurrence of undiaggene. The melting curves for human GB, P, and FasL nosed infection, etc. genes are shown in Figure 1A . Specific PCR amplified Significantly lower levels of P mRNA and FasL products can be uniquely identified from other frag-mRNA were expressed in patients with long-term type 1 ments based on melting peak, with the melting temperadiabetes compared to healthy controls. Peripheral clonal ture indicated in the center of the peak. The melting temdeletion has been suggested to be the major mechanism peratures for human GB, P, and FasL were 90.6°C, responsible for inactivating and eliminating autoreactive 91.1°C, and 86.2°C, respectively. The quantitation of T and B lymphocytes to maintain tolerance and prevent GB, P, and FasL was performed acquiring the fluoresautoimmunity (11, 15, 19) . Fas-induced apoptosis seems cence at 88°C, 88°C, and 84°C, respectively. These are to be essential to preserve peripheral clonal deletion (1, the cutoff temperatures for the respective CL genes at 12). The critical role of the Fas/FasL pathway of cell which any nonspecific fluorescence is excluded. The death in immune homeostasis is demonstrated by the husize of Lightcycler PCR amplified products for GB, P, man autoimmune lymphoproliferative syndrome (ALPS), and FasL was 395 bp, 369 bp, and 302 bp, respectively, caused by defective Fas/FasL function (9,32). Fas defiwhich was confirmed on 2% ethidium bromide-stained ciency causes a spontaneous and chronic autoimmune agarose gels (Fig. 1B) . The extra band on lane 3 of GB immunoproliferative disorder in ALPS (41) . Defective P gel at around 250 bp was a nonspecific product, which was identified as a genetic basis for familial hemophawould not interfere with the quantification of GB begocytic lymphohistiocytosis (FHL), a lethal inherited cause there were no nonspecific peaks after 88°C.
human disorder of immune dysregulation (41) . Perforin-
CL Gene Expression Levels in PB of Patients deficient MRL mice developed accelerated autoimmune With Type 1 Diabetes and Healthy Controls
disease when compared with P-intact counterparts (28) . Mice deficient in both P and FasL exhibited accelerated Table 1 and Figure 2 show the expression of mRNA levels for GB, P, and FasL in the PB of patients with disease with tissue destruction caused by infiltrating macrophages and T cells (40) . These studies suggest that type 1 diabetes versus healthy controls. The mRNA levels of the three CL genes varied dramatically among in-P plays an important immunoregulatory role in the prevention of humoral autoimmunity through the elimina-dividuals, ranging from virtually none to several hundred. The mRNA levels for perforin were 0.1164 ± tion of both autoreactive B cells and antigen-specific T cells (28, 37, 42) . Defective expression of the Fas (CD95) 0.0438 (mean ± SEM, n = 65) in patients and 10.93 patients with both newly diagnosed diabetes and longterm diabetes (11). Patients with type 1 diabetes alone and with other autoimmune diseases were also found to have defective Fas function (6) . However, this is the first study to demonstrate that lower levels of P mRNA were expressed in patients with long-term type 1 diabetes compared to healthy controls. The decreased expression of FasL and P in patients with long-term type 1 diabetes might affect the capacity to regulate human immune response and to maintain normal levels of peripheral tolerance, which are essential for protection from autoimmune disease. No significant differences were found for the levels of GB mRNA between type 1 diabetes patients and healthy controls. GB has been reported to mediate extracellular biologic effects independently of P (39) . GB binds to high-affinity binding sites and enters the target cell independently of P (10,18). GB was expressed independently of P in human testis and placenta, suggesting a role for GB-mediated proteolysis in reproduction (17) . An interesting study demonstrated that despite the diverse structure, distribution, and function, the majority of autoantigens in systemic autoimmune disease are efficiently cleaved by GB, generating unique fragments not observed during any other form of apoptosis (3), suggesting a unique role of GB in initiation and propagation of autoimmunity. GB and P are differentially expressed during primary activation of native CD8 + T cells, kinetically and at the single-cell level (20) . The genes encoding P and GB may be differentially regulated in activated CD8 + T cells, perhaps reflecting previously unrecognized specialization of cytotoxic T lymphocyte function (31) . Such specialization might in turn reflect the different roles of these granule components in vari-
Granzyme B
ous immune and other processes (20) . Further studies to 
